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THE or-QuoTED PBASE of Galen, "the spleen is an organ
full of mystery," may be a cliche, but it is nevertheless true. While the
spleen is now understood to play an important role in erythrocyte de-
struction, phagocytosis and antigen-antibody interactions, the circula-
tory pathways through the spleen remain controversial.lA Moreover,
although the spleen is known to participate in many physiological pro-
cesses, the exact mechanisms are usually not well understood. This is
particularly true of the immunological functions of the spleen which
have become of critical importance since the advent of organ trans-
plantations, and the description of clinical syndromes resulting from
the congenital inability to manifest the cellular and/or humoral mech-
anisms of immunity.3

Before initiating studies of normal and abnormal splenic function, it
is mandatory to acquire more accurate knowledge of the normal ultra-
structure and microcirculation of the spleen. Simple questions as to the
types of cell which occur in the spleen, the structure of the red pulp
and its sinuses and cords, and the nature of the white pulp cannot be
answered with certainty. Whether or not the splenic circulation is open
or closed is in dispute even today.2 The injection of foreign materials,4 5

transillumination of living spleens,'T silver impregnation of serial sec-
tions,8"9 and electron microscopy2'14-3 have all been tried, but the ques-
tion remains open.

Because of these difficulties, it was decided to review again the anat-
omy and microcirculation of the spleen before undertaing an investiga-
tion of its function.

Materials and Metho
Eight norma albino rabbits were anesthtized with intravenous sodium pento-

barbital and maintained in surgical anesthesia with ether. Their spleens were
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perfused cephalad through a cannula placed in the abdominal aorta above the
renal arteries. The thoracic aortas were clamped and the splenic veins cut at the
start of the perfusion. The perfusion pressure of 120-140 mm Hg was maintained
for 5 min. The perfusate was 50-60 ml of 1% osmium tetroxide buffered to pH 7.2
with 0.1 M Sorensen's phosphate buffer.14 At the completion of each perfusion the
spleens were black. Portions of splenic pulp, hilus, and capsule were then imme-
diately immersed in cold buffered 1% osmium tetroxide solution for fixation. Spleens
from 2 additional rabbits and 3 Wistar rats were fixed in formalin for light micro-
scopy after similar perfusion with a commercial India ink and gelatin mixture. *

Following the fixation in cold buffered 1% osmium tetroxide for 1 hr, the tissue
fragments were dehydrated in graded alcohols and propylene oxide according
to the method of Luft,15 and were embedded in a mixture of Epon-Araldite as de-
scribed by Givan, Turnbull, and Jezequel.16 Sections were cut with glass or diamond
knives on a Porter-Blum MT1, LKB, or Reichert OmU2 ultramicrotome. Thick
sections (0.5-1.0 /A) were stained with toluidine blue. Sections for electron micro-
scopy were stained either with lead hydroxide,17 lead citrate,18 or with an aqueous
solution of uranyl acetate19 followed by lead hydroxide. These sections were ex-
amined and photographed in an RCA EMU-3F or Phillips EM-300 electron micro-
scope.

Results

Examination of the white pulp with the electron microscope reveals
this region to be composed predominantly of lymphocytes with a high
admixture of reticulum cells. No germinal centers can be recognized.
The cells are arranged in clumps or nests. Each clump contains both
lymphocytes and ovoid reticulum cells. The nests are separated by a
loose irregular meshwork composed of basement membrane-like ma-
terial, collagen, and the cellular prolongations of fibroblasts and stellate
reticulum cells (Fig 1 and 2). At the periphery of the white pulp,
adjacent to the marginal zone, there is an irregular collection of plasma
cells, macrophages, erythrocytes, and platelets.
The lymphocytes of the white pulp vary in size and are often difficult

to differentiate from reticulum cells. In general, they are round to oval
and characterized by a high nuclear-cytoplasmic ratio. The cytoplasm
is very sparse and inactive in appearance. There is occasionally a little
perinuclear rough endoplasmic reticulum, a few free ribosomes, and
small mitochondria with few cristae. The smooth endoplasmic reticulum
is in the form of small vesicles dispersed randomly in the cytoplasm
and the Golgi zone is not prominent.
The reticulum cells are extremely polymorphic. The ovoid cells are

similar in appearance to lymphocytes. However, they are usually larger
and irregular in shape. They have a smaller nuclear-cytoplasmic ratio
and more organelles in the cytoplasm. There is a slightly greater amount
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of rough endoplasmic reticulum, more free ribosomes, a more prominent-
Golgi zone, and larger, better developed mitochondria. Vesicles are
often arranged in a single or in an "Ind file" order. Other reticulum
cells are stellate, with long cytoplasmic prolongations extending between
the nests of lymphocytes and ovoid reticulum cells. The prolongations of
reticulum cells can be differentiated from those of fibroblasts by their
less dense and less fibrillar cytoplasm. Cells, virtually identical to
reticulum cells, both ovoid and stellate in shape, but which contain
phagocytic debris are found particularly at the periphery of the white
pulp (Fig 3). These phagocytes have been termed macrophages, and
are identical to the macrophages in the red pulp.
The fibroblasts of the white pulp often appear flat and are stellate

with extremely long cytoplasmic prolongations which are sometimes
U-shaped. They have a strikingly dilated rough endoplasmic reticulum
filled with a very fine flocculent material (Fig 4). The smooth endo-
plasmic reticulum contains similar material, some of which may appear
fibrillar. The smooth endoplasmic reticulum cytoplasmic prolongations
of the stellate fibroblasts appear to be continuous with the extracellular
basement membrane-like material and collagen fibres. These compo-
nents together with the stellate projections of reticulum cells make up
the loose meshwork which compartmentalizes the while pulp. This
meshwork is not dense enough to form solid barriers or prevent the free
passage of cells within the pulp.
The plasma cells of the white pulp are more frequent at the periphery.

They are recognized by their well-developed system of rough endo-
plasmic reticulum which extends throughout the cytoplasm. The rough
endoplasmic reticulum generally contains a find flocculent material and
occasionally Russell bodies. Their mitochondria are round, larger and
denser than in lymphocytes or reticulum cells, and have prominent
cristae. There are numerous ribosomes both free and attached to the
dilated endoplasmic reticulum.

Occasionally an unmyelinated nerve is found in the white pulp. The
nerves are always in close association with the arteries of the pulp. They
have a variable number of axons and one can usualy discern the cyto-
plasm of the Schwann cel which surrounds them.

In addition to individual cells and nerves, the white pulp also con-
tains blood vessels-arteries, arterioles, and arterial capillaries. The
largest vessel of the white pulp is the central artery, which is a branch
of one of the arteries of the trabecula. This artery is a typical muscular
artery with a smooth muscle layer one or two cells thick and an internal
and external elastic lamina. Perhaps characteristic of the arteries of
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the spleen are their rather tall endothelial cells, though the cells are other-
wise unremarkable. There are no clearly identifiable adventitial cells
around the arteries or arterioles. The fibroblasts and large reticulum
cells present in the adventitial region are mixed with lymphocytes and
not distinct from the similar cells elsewhere in the white pulp. The
external elastic lamina blends between these cells with the surround-
ing collagen and basement membrane-like material of the white pulp.

Arterioles are the first branches of the central artery. They are
structurally identical to the central arteries except for their size. Often
their lumens are surrounded by one continuous muscle cell only (Fig
5). The arterioles branch into capillaries either in the white pulp, in
the marginal zone, or in the red pulp. The transition of an arteriole into
a capillary is shown by the replacement of the muscle cell by a pericyte,
which is similar in appearance to a fibroblast, and by the conversion
of the elastic lamina into an amorphous basement membrane.
The capillary endothelium in the white pulp is continuous with high

nonfenestrated endothelial cells. Its basement membrane is often dupli-
cated and surrounds the pericytes. Most of the capillaries are from
12/A to 18z in diameter, but there are also very small capillaries
with luminal diameters of approximately 8/u. These small branches
have low endothelium, a continuous single basement membrane, and
lack pericytes. Capillaries in the red pulp and marginal zone are similar
to the larger capillaries in the white pulp (Fig 6).

Arterial terminations in the spleen were never postively identified.
The impressions, however, from both electron microscopic and India
ink-gelatin perfusion studies are that the small capillaries of the white
pulp terminate in the marginal sinuses surrounding the white pulp
follicles, and the larger capillaries either terminate in the same marginal
sinuses or extend further into the marginal zone or red pulp to terminate
directly into the sinuses of the red pulp. However, no direct connections
between capillary and sinus were ever recognized. On the other hand,
certainly no capillaries were ever seen to terminate in the Billroth cords
and no muscular arteries or arterioles were ever seen in the red pulp.
The only muscular vessels found in the red pulp are splenic veins, which
are recognized by their long, slender, spindle-shaped endothelium, a
continuous basement membrane without elastica, and a smooth muscle
layer.
The marginal zone of the spleen is a transitional area between the

white and red pulp. It contains many more lymphocytes than the red
pulp proper, and these cells are slightly larger than those in the white
pulp. There are also numerous reticulum cells and plasma cells and
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towards the outer edge, and increasing number of macrophages contain-
ing phagocytic debris. The sinuses of the marginal zone vary in size.
The largest is called the marginal sinus and is located circumferentially
around the white pulp. This marginal sinus is lined by large endothelial
cells. Between these endothelial cells and the subiacent white pulp is a
basement membrane which is interrupted or fenestrated (Fig 7). The
interruptions in the basement membrane provide a passage for cells
from the white pulp into the marginal sinus and from marginal sinus
into white pulp. It is not uncommon to find cells in these gaps in the
basement membrane. Many sinuses varying in size from small channels
to large main sinuses branch into the red pulp from the marginal sinuses.
The splenic red pulp is composed of a complex series of anastomos-

ing, tortuous sinuses which vary in size from small channels to large
vascular pathways. These sinuses are separated from each other by solid
partitions of red pulp called the Billroth or pulp cords. The Billroth cords
vary in thickness from one cell to many (Fig 8). Within the cords are
mainly reticulum cells, macrophages, and fibroblasts, but plasma cells,
leukocytes, platelets, and red blood cells are also present. The Billroth
cords are often irregularly partitioned by extracellular reticulum which
has the appearance of amorphous basement membrane-like material.
This extracellular reticulum sometimes is fibrillar, with a periodicity
suggesting collagen (Fig 8).
The sinuses of the red pulp are lined by endothelial cells which vary

in size according to the size of the sinus. The larger endothelial cells
are in the larger sinuses, do not have as prominent a vesicular system
or as well developed an endoplasmic reticulum, and are less stellate
than most of the endothelial cells lining the medium and smaller sinuses.
As the endothelial cells in medium and small sinuses are more stellate,
their nuclei are not always present in every section (Fig 9). The nu-
clear portion of the cell bulges into the lumen of the sinus while the
remainder of the cell is roughly cuboidal. The cytoplasm is characterized
by a very large number of vesicles and vacuoles many of which are at
the luminal surface. Occasionally, one of the vacuoles contains some
dark, dense, coarse material which may perhaps represent a product of
endothelial phagocytosis. There is also a well-developed rough and
smooth endoplasmic reticulum and the mitochondria are round with
a light matrix and well-developed cristae.
The basement membrane separates the endothelial cells from the

Billroth cord. This basement membrane is characteristically fenestrated
throughout the red pulp as well as in the marginal zone (Fig 8-11).
The basement membrane may have a focal filamentous appearance and,



132 BURKE AND SIMON American Journal
of Pathology

in some locations, the cells on the luminal and cordal sides of the base-
ment membrane have filamentous intracytoplasmic densifications.
The majority of the cells lining the cordal aspect of the basement

membrane are reticulum cells. These cells are stellate in shape and
similar to those in the white pulp. Their long cytoplasmic prolonga-
tions commonly underlie the basement membrane, and often resembles
those of a fibroblast. They differ from the endothelial cells of the
sinuses, for though the reticulum cells have prominent Golgi zones
their cytoplasm is sparse with few organelles (Fig 8 and 10). Their
mitochondria are generally close to the nucleus, with a dark matrix,
and the cristae are not prominent. Other reticulum cells in the cord are
more ovoid in shape and it is relatively common to see cytoplasmic
prolongations of these cells extending through the fenestrations of the
basement membrane and between the endothelial cells into the sinus.
Macrophages which are identical to the reticulum cells except that
they have phagocytic vacuoles in addition are also common in the Bill-
roth cords. The phagocytic vacuoles of the macrophages frequently
contain products and debris of degradated erythrocytes and/or leuko-
cytes (Fig 8). These cells also occasionally partially protrude into a
sinus. The portions of macrophages and reticulum cells which project
into a sinus contain fewer organelles than do the portions of the cells
in the cords.
The most common cells in the red pulp are erythrocytes. These cells

are present in great numbers in the sinuses and are also present in the
cords. They display a wide variety of shapes and are frequently ob-
served passing through the interruptions of the basement membrane
(Fig 11). The portion of the red cell in the gap of the basement mem-
brane is often squeezed and attentuated and may give the impression
of "pitting."20

There are many other varieties of blood cells present in smaller quan-
tities in the red pulp, both in the Billroth cords, in the sinuses, and in
transit between them. These include reticulocytes, neutrophils, eosino-
phils, plasma cells, lymphocytes, monocytes, and platelets. Occasionally
megakaryocytes, or platelet aggregates without fibrin deposition, are
seen.
The trabecula of the spleen vary in thickness and size and are pre-

dominantly composed of fibroblasts, collagen, elastica, and basement
membrane-like material. The portions of the trabeculae adjacent to the
red pulp also contain reticulum cells and macrophages and are bordered
by a sinus with normal-appearing sinus endothelial cells and a fene-
strated basement membrane (Fig 12). In the white pulp, the trabeculae
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lie in immediate relation to the fibroblasts, lymphocytes, and reticulum
cells of this zone.
The splenic capsule is composed primarily of cells which have features

of both smooth muscle cells and fibroblasts (Fig 13). These cells are
stellate, with dense fibrillar cytoplasm, small mitochondria and gly-
cogen-like granules. They are associated with large bundles of collagen
and occasionally with some elastic tissue. The inner surface of the
capsule is usually lined by a typical large sinus with endothelial cells
of the usual type and a fenestrated basement membrane. A few reticu-
lum cells and macrophages are found in the capsule adjacent to the
sinus, and frequently a macrophage or reticulum cell can be found in
the gaps of the capsular basement membrane. Elsewhere, capsular
fibroblasts are found against the basement membrane. The extemal
aspect of the capsule is lined by a single layer of mesothelial cells, char-
acterized by small irregular microvillous projections at their free border,

Discussion

These studies still do not answer clearly the question of whether the
circulation in red pulp of the spleen is open or closed. No direct connec-
tions between either capillary and sinus or capillary and Billroth cord
were identified. In particular, and in contrast to the prevalent opin-
ion,1221.22 no capillary or arteriole was ever seen to terminate in a

Billroth cord. Indeed, muscular arterioles were never seen beyond the
white pulp of the spleen.
Though no definite statement is justified, our impression from perfus-

ing the spleen with India ink-gelatin or osmium tetroxide is that the
major part of the perfusate flowed directly into the sinuses. Certainly,
the osmium tetroxide perfusion tended to dilate the sinuses and not
the cords.
However this may be, the issue of whether the splenic circulation is

open or closed is probably not of great importance with respect to the
functional capabilities of the spleen. As Koyama, Sadako, and De-
guchi21 noted, the circulation can be regarded as both open and closed,
in a physiological sense, because even if the main blood flow is in a
closed system the presence of many fenestrations in the basement
membranes allows easy passage between the sinuses and Billroth cords.
The fenestrations could permit the free passage of all blood cells and
splenic cells from the sinuses into the cords or from the cords into the
sinuses. As a result, cells which are damaged or aged could enter the
cords and come in contact with the macrophages in the Billroth cords
and marginal zones for sequestration.7"2C23cells which are essentially
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normal probably pass directly through the sinus system or cross the cord
from sinus to sinus without sequestration. It is interesting to note that
these fenestrations are not a new discovery for they were suggested or
described by early investigators.4'24
The Billroth cord can then be regarded as a modified type of cellular

channel containing plasma and blood cells, even though it is not lined
with endothelial cells. It is not a true vascular channel, not only because
of the lack of endothelial cells, but also because of its extensive parti-
tioning by basement membrane-like material which has an irregular
periodicity suggesting collagen. The presence of fibroblasts in the cords,
as well as macrophages and reticulum cells, is also against the idea that
the cord is a true vascular channel or even a collapsed sinus, as has been
suggested.10,25,26
The apertures or fenestrations in the basement membrane of the

sinuses are not only present in the red pulp, but are also found in the
marginal sinuses between the red and white pulp and in the sinuses lin-
ing the capsule and trabeculae. The presence of a fenestrated basement
membrane between the red and white pulp, rather than a continuous
one, is important because these fenestrations could allow free passage
of the cells and antigens between the white and red pulp and provide
a possible pathway which may be important in immunological re-
actions.27
The demonstration of high endothelial cells in arteries, arterioles, and

arterial capillaries agrees with the description of Weiss."112 However,
unlike Weiss, we saw elastica in both central arteries and arterioles.
Again in contrast to Weiss, no definite adventitial cells were noted.
Cells which were adventitial in location around the central arteries
and arterioles of the white pulp could not be differentiated from the
fibroblasts or reticulum cells elsewhere in the white pulp, and were
therefore referred to as such.
Most importantly, and again in contrast to Weiss,13 no arteriolar or

capillary terminations were recognized in the white pulp. In our opinion,
the arterioles and capillaries, small or large, end mainly in the marginal
sinuses, although some capillaries do extend further into the red pulp.
The great difficulty in recognizing the junctions between capillaries
and sinuses is that the main difference between a capillary wall and the
wall of a sinus is that the sinus has a fenestrated basement membrane.
Both vessels have tall endothelial cells of similar character. Thus, even if.
the junctional zone were seen in an electron micrograph, it would be
difficult or impossible to recognize it. The electron micrographs purport-
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ing to show capillaries opening directly into the white pulp or Billroth
cordsl'3 seem to be rather a tangential section of the vessels.
The sinuses of the red pulp appear to originate mainly from the

marginal sinus. Some of the sinuses are very small and others large.
Large sinuses may originate from the capillaries which enter the red
pulp, and these large sinuses have many smaller side branches running
into them.
The sinus-venous connections were only seen under the light micro-

scope. The veins appeared to originate directly and abruptly, without
any transition zones, from the sinuses. Some sinuses joined formed veins
as side channels.
The findings as to the cellular components in the white pulp in this

study agree essentially with other investigators.13'8 No germinal cen-
ters were recognized in the white pulp. Rather, the lymphocytes and
reticulum cells of the white pulp were mixed together in varying propor-
tions to form nests or colonies, separated by a loose, irregular meshwork:
This meshwork was composed of the cvptoplasmic prolongations of
fibroblasts and stellate reticulum cells, together with basement mem-
brane-like material and collagen. The loose meshwork is supportive but
is unable to impede the movement of cells in and out of the white pulp.

Nerves are also present in the white pulp particularly near muscular
arteries and arterioles and occasionally in the capsule. These nerves
are unmyelinated." Ballantyne9 has demonstrated that the splenic
nerve fibers in these periarterial plexuses have butylcholinesterase
activity, and no acetylcholinesterase. He suggests that the splenic
nerves are therefore of the postganglionic-sympathetic type and prob-
ably regulate the flow of blood in the spleen.
The splenic capsule and trabeculae are similar in that both are com-

posed predominantly of fibroblasts together with collagen and base-
ment membrane-like material. Elastic tissue is found in both trabecu-
lae and capsule but is more plentiful in the trabeculae. Smooth muscle
cells have been described in both areas.' In this study these cells were
not positively identified. In the capsule, the "muscle" cells could not
be distinguished from cells which could be interpreted as mature or
"resting" fibroblasts.30 It is interesting to note that both the internal
capsule surface and the surface trabeculae of the red pulp are lined by
the endothelial cells and fenestrated basement membrane of a sinus.
Cells such as marcophages, reticulum cells, and platelets are often seen
between the basement membrane and the capsule or trabeculum,
giving these structures the aspect of fibrotic Billroth cords. The outer
layer of the capsule is lined by a single layer of mesothelial cells.1
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Summary
Ultrastructural examination of osmium tetroxide perfused spleens

failed to show any direct capillary-sinus or capillary-Billroth cord
connections. However, the presence of fenestrations in the basement
membranes throughout the red pulp, marginal zone, and periphery of
the white pulp make the question of whether the circulation is open or
closed of little functional significance. The fenestrations permit the free
movement of plasma and cells between the sinuses and cords and be-
tween white pulp and marginal zones, thereby allowing contact between
macrophages and damaged or aged blood cells, and between lympho-
cytes or reticulum cells and antigen-carrying macrophages. The marginal
zone consists of elements of both white and red pulp and is delineated
by the large marginal sinus from which the majority of red pulp
sinuses arise. The Billroth cord is not a collapsed sinus or vascular space
but a unique structure containing loose aggregates or macrophages,
reticulum cells, and fibroblasts and partitioned by basement membrane-
like and collagen material. The ultrastructural aspects of the splenic
white pulp, arterial and venular systems, nerves, capsule, and trabeculae
are also described.
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Legends for Figures
Fig 1. Topographic aspect of white pulp demonstrates dominance and polymorphism
of lymphocytes (Ly) and reticulum cells (Rc) which makes them often difficult to
differentiate. These cells lie in clusters or nests which are loosely separated from
surrounding nests by meshworks (arrows) composed of basement membrane-like
material, collagen, and cellular prolongations of fibroblasts (Fb). Lead hydroxide stain.
x 7500.
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Fig 2. (upper) Detail of a meshwork of collagen (c) and basement membrane-like ma-
terial (bml) with cytoplasmic prolongation of a fibroblast (arrow) which separates two
lymphoid colonies. These colonies contain lymphocytes (Ly) and reticulum cells (Rc).
Lead hydroxide stain. x 12,000.

Fig 3. (lower) Reticulum cell of white pulp contains phagocytosed material (arrow) and
is therefore designated a macrophage (Ma). This cell is extending stellate projections
(large arrows) into the intercellular spaces between surrounding lymphocytes (Ly).
Uranyl acetate. Lead hydroxide stain. x 13,000.
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Fig 4. Portion of fibroblast lies next to reticulum cell (Rc) in white pulp. Different
steps in collagen formation are present. There is a prominent dilated rough endo-
plasmic reticulum complex (rer) which contains fine granular flocculent material-
without fibril formation. Smooth endoplasmic reticulum (ser) is filled with similar ma-
terial, and in addition contains fine fibrillar material, some of which appears to have
a periodicity (circle). At periphery of cell there are tonofibrils (arrow). Nucleus (N);
Golgi zone (G). Lead hydroxide stain. x 22,000.
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Fig 5. (upper) Small muscular arteriole in white pulp is characterized by muscle layer
formed by one continuous muscle cell (Ms). Endothelium (E) is moderate in height and
elastica interna (eli) is extremely irregular in thickness. Elastica externa (ele) is also
irregular and merges in random fashion with surrounding collagen (c) of white pulp.
Cells surrounding this arteriole are adventitial in location and appear to be fibroblasts
(Fb) and reticulum cells (Rc). Lead hydroxide stain. X 8000.

Fig 6. (lower) Small capillary in marginal zone has continuous basement membrane
(bm) which is duplicated and envelops the pericytes (Pe). Presence of large dilated
rough endoplasmic reticulum (arrow) containing fine granular material gives this peri-
cyte the appearance of a young fibroblast. Endothelium (E) is high in this small capil-
lary. Surrounding the vessel are reticulum cells (Rc) and macrophages (Ma). Lead hy-
droxide stain. X 8000.
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Fig 7. Sinus (S) of the marginal zone is lined by endothelial cells (E). Between endo-
thelial cells and adjacent white pulp (WP) is an interrupted (arrows) basement mem-
brane (bm). Plasma cell (Pc) is seen with portion of its cytoplasm passing through
one of fenestrations in. basement membrane. Other cells seen in periphery of white
pulp are platelets (PI) and a reticulum cell (Rc). Red blood cell (rbc). Lead hydroxide
stain. x 14,000.
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Fig 8 Cross-section of a Billroth cord (BC) is seen between two sinuses (S) in red
pulp. Within cord are mainly reticulum cells (RC) and macrophages (Ma), one of
which contains large vacuoles (V) with debris from degradated leukocytes and/or
erythrocytes. Fibroblast (Fb) is located in cord at bottom of picture subjacent to
basement membrane of one of the sinuses. Crossing Billroth cord in random fashion
is extracellular reticulum (large arrow) which has appearance both of basement mem-
brane and protocollagen because of focal fibrillar and periodic structure (circle). Also
present are platelets (Pl,) lying in gap of sinus wall and within cord (P1:). Endothelial
cells (E); basement membrane (bm). Lead hydroxide stain. x 15,000.
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Fig 9. Sinus (S) demonstrates various appearances of its endothelial cells. One endo-
thelial cell (E1) bulges into lumen with large round nucleus (N) at its tip. Another cell
(E.) appears cuboidal without nucleus. This appearance probably represents section
of prolongation of stellate endothelial cell. In both cases cytoplasm is similar and
contains small round mitchondria (M) with few cristae, and multiple small empty
vacuoles. Close to lumen, the vacuoles resemble pinocytotic vacuoles (pv). Some of
endothelial cells contain large vacuoles (V) both empty and with fine granular ma-
terial. Basement membrane (bm) is erratic in thickness and demonstrates fenestra-
tions (between arrows). Billroth cord (BC). Lead hydroxide stain. X 7500.
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Fig 10. (upper) In Billroth cord (BC) nucleated portion of stellate reticulum cell (Rc) is
seen against basement membrane (bm) of sinus (S). This reticulum cell has prominent
Golgi zone (G) with characteristic vesicles, but elsewhere cytoplasm is rather sparse.
This is in contrast with prominent vesicles (arrows) in endothelial cells (E). Reticulo-
cyte (ret). Lead citrate stain. x 14,000.

Fig 11. (lower) Plastic or elastic quality of red blood cell (rbc) is shown as it passes
through two apertures of basement membrane (arrows). Two globular portions of cell
are in a sinus (S), and attenuated connecting portion lies deep to basement membrane
(bm) in Billroth cord. Endothelial cells (E); reticulum cell (Rc). Lead hydroxide stain.
x 17,000.
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Fig 12. Portion of trabecula (TR) is seen between two sinuses (S) in red pulp. Trabec-
ula contains mainly fibroblasts (Fb) but also contains some macrophages (Ma) and
reticulum cells (Rc), one of which is seen protruding into lumen of sinus. The inter-
cellular spaces of trabecula are filled with collagen (c), elastica (el) and basement
membrane-like material (bml). Note that normal appearing endothelial cells (E) and
interrupted basement membrane (bm) line both sinuses. Lead hydroxide stain. x
7500.
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Fig 13. Typical aspect of capsule is seen with its subcapsular sinus (S). Capsule is
formed primarily of stellate irregular cells (? Ms) entangled in bundles of collagen
(c). These stellate cells have dark fibrillar cytoplasm. Their mitochondria are small
and few in number with poorly developed cristae. Dark cytoplasmic granules (large
arrow) suggest presence of glycogen. Close to cell membrane irregular triangular
densities are present (arrow). This cytoplasmic appearance is similar to that of
smooth muscle cells. However, extreme irregularity and complex involvement with
collagen suggest that these cells may be old fibroblasts. A young fibroblast (Fb) is
present along basement membrane (bm) beneath subcapsular sinus. Endothelial cell
(E) contains multiple vacuoles (V) with very dense granular inclusions. Lead hydrox-
ide stain. x 14,000.
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